Introduction {#sec1-1}
============

Obesity is defined by the World Health Organization (WHO) as a disease characterized by the excessive accumulation of body fat.^[@ref1]^ It is considered a public health problem, leading to serious social, psychological and physical problems. This disease is associated with an increased risk of morbidity and mortality due to metabolic changes related to chronic diseases, such as dyslipidaemia,^[@ref2]^ sleep apnea,^[@ref3]^ type II diabetes mellitus,^[@ref4]^ certain types of cancer,^[@ref5]^ osteoarthritis,^[@ref6]^ pulmonary diseases^[@ref3]^ and hypertension.^[@ref7]^

In the past several years, the prevalence of obesity has been increasing in several countries,^[@ref1]^ including Brazil, where the prevalence of obesity in the adult population in the 27 cities covered by the VIGITEL system increased from 11.6% to 17.4% from 2006 to 2012, representing an average increase of 0.89% per year.^[@ref8]^

In 1998, the WHO provided international body mass index (BMI) standards for classifying overweight and obesity in adults, based on the risk of obesity-related disease for Europeans at each BMI category.^[@ref1]^ Values of body weight adjusted for height, referred to as BMI, indicated overweight for values exceeding 25 kg/m^2^ and obesity for values exceeding 30 kg/m^2^.^[@ref1]^

While the WHO's recommendation regarding BMI thresholds for defining obesity and overweight are well established, it is still necessary to define appropriate threshold levels of BMI based on body fat percentage (BF%) for classifying an individual as obese. In fact, investigators have asserted that obesity corresponds to a BF% greater than 25% for men and 35% for women, and these percentages relate to a BMI of 30 kg/m^2^ in young Caucasians.^[@ref9]^ These adiposity thresholds have been associated with incident cardiovascular disease.^[@ref10]^

In both clinical practice and population studies, BMI is often used for quantitative diagnosis of obesity due to its simplicity and high correlation to body fat content^[@ref11]^ and body mass.^[@ref12]^

However, an obvious limitation of this measure concerns to its inability to distinguish between fat and fat-free mass.^[@ref13]^ Despite this limitation, the strong relationship between increased BMI and morbidity and mortality^[@ref14]^ supports its application as a nutritional indicator in epidemiological studies, particularly in addition to other more specific measures of body fat.^[@ref16]^ Notably, previous studies have shown that a single BMI value might represent a large range of BF%, due to the instrumentation as well as the ethnic and environmental characteristics of studied population.^[@ref11]^

Given the relevance of the obesity problem, the application of a reliable tool for diagnosing obesity is germane to establishing subsequent public health policies and treatment protocols and to determining the correct prevalence of obesity, with the aim of minimizing the risk of morbidity in these individuals. Thus, the purpose of the present study was to determine the optimal cut-off points of BMI, based on gender- and age-specific BF%, in middle-aged adults living in Rio de Janeiro city, to predict obesity.

Materials and methods {#sec2-1}
=====================

Participants {#sec2-2}
------------

The Ethics Committee of the Institution of the Estácio de Sá University approved the study protocol (n° 0045.0.308.000-10),^[@ref17]^ and informed written consent was obtained from all participants. The study was conducted according to the principles of the Helsinki Declaration of 2008.

This was a prospective cross-sectional study, including convenience sampling, comprising 856 adults (413 men and 443 women), living in Rio de Janeiro, Brazil, with a range of 30-59 years of age. The data were collected over a two-year period (2010-2011). All participants were instructed to avoid strenuous activity for the 24 hours prior to each testing session and to avoid alcohol, caffeinated beverages, smoking and the consumption of large meals for at least three hours prior to testing. The exclusion criteria were a history of recent acute illness based on self-declaration, different chronic diseases, such as diabetes mellitus, hypertension, and osteomyoarticular injuries, use of orthopaedic prosthesis or cardiac pacemaker, use of any ergogenic supplements, and women who were either experiencing their period or pregnant.

Anthropometric measurements {#sec2-3}
---------------------------

The data collection and the anthropometric variables were performed by the same and experienced evaluator throughout the study. For measuring both body weight and height participants were kept barefoot, wearing light clothes and not carrying any object. The height was measured in centimeters and the body mass was measured in kilogram with certified and calibrated mechanics scale (Filizola, Brazil). BMI was calculated as the quocient ratio of weight oversquared height (kg/m^2^). All participants were assessed for nutritional status based on BMI cut-offs established by the WHO.^[@ref1]^

Body composition measures {#sec2-4}
-------------------------

The measure of body fat percentage was estimated by bioelectrical impedance vector analysis using the BIA machine - 101A (RJL Systems, USA), standardized according to Khaled *et al*.^[@ref18]^ To reduce the influence of intervening factors on measures of body resistance and reactance, the volunteers followed the recommendations of the NIH.^[@ref19]^ The electrodes (Ag/AgCl) were applied on the hand and right leg for current injection and at the wrist and right ankle for current catchment, preceded by cleaning with alcohol and slight abrasion of the underlying skin. Measurements were performed with a single frequency of 50 kHz, which generated currents between 300 and 800 mA. The obesity BF% thresholds were defined as the WHO criteria: 35% and 25% for women and men, respectively.^[@ref9]^

Statistics analysis {#sec2-5}
-------------------

Descriptive statistics were expressed as the mean ± standard deviation, and post hoc power (1 - beta error level) sample analysis determined the effect size; these analyses were conducted in G\*Power software version 3.1.9.2 (University Kiel, Germany). Lilliefors test confirmed the normality of the sample distribution. Age- and gender-specific percentile values of BMI that corresponded to the percentage of body fat categories were estimated, identifying equivalent percentiles and proportions of BMI distribution. This procedure returned approximately the same prevalence estimates as the percentage body fat categories. ROC curves were generated to identify the optimal cut-off values of BMI according to age categories and for the whole group, with better sensitivity and specificity corresponding to a particular threshold in men and women. All procedures assumed P\<0.05 for statistical significance and were performed in SPSS software version 18.0 (SPSS, USA).

Results {#sec3-1}
=======

Anthropometric and physical characteristics of the participants are presented in [Table 1](#table001){ref-type="table"}. Low standard deviation values confirmed the homogeneity of the sample. The actual power (1 - beta error level) was estimated as 0.99.

The areas under the BMI ROC curves to predict values of BF% for obesity in men and women are illustrated in [Figure 1](#fig001){ref-type="fig"}. The AUCs to predict values of BF% for obesity reached 0.99 (0.97 to 1.00 with 95%CI) in men ([Figure 1A](#fig001){ref-type="fig"}), which corresponded to a cut-off value of 29.9 kg/m^2^ (100% sensitivity and 99.4% specificity). In women ([Figure 1B](#fig001){ref-type="fig"}), the AUC obtained was 0.80 (0.74 to 0.85 with 95%CI), which corresponded to a cut-off value of 24.9 kg/m^2^ (66.7% sensitivity and 89.8% specificity) (P\<0.05).

Table 2 summarizes the estimated age- and gender-specific percentile values of 50%, 75% and 85% of BMI and the corresponding percentage of body fat categories.

Considering that BMI distinguishes categories of BF% based on different ranges of percentile within gender- and age-specific groups, cut-off values of BMI that predicted BF% indicating obesity were also identified, using the ROC analysis in both genders according to age group (Table 3).

Discussion {#sec4-1}
==========

The increasing prevalence of obesity worldwide is a serious health problem that confers an increased risk of morbidity and mortality due to the metabolic changes related to chronic diseases.^2-7^ The association between BMI and obesity allows the construction of a simple nutritional marker in epidemiological studies.^[@ref14]^ In Brazil, the lack of a dwelling regional population-based cut-off value of BMI to predict excess body fat and, consequently, morbidity related to this excess imposed the need to use imported thresholds. Therefore, the purpose of the present study was to address this gap and thereby identify cut-off points for BMI to predict values of obesity based on BF% in men and women in a domestic population.

The analysis of BF% using BIA was chosen due to the simplicity of outputs, the high inter- and intra-measurer reliability, and the minimal discomfort during the evaluation, as well as the convenience of operating in the field or in the laboratory.^[@ref20]^ The BF% values show significant correlation (r=0.73 to 0.94) with the DEXA gold standard.^[@ref21]^

An important issue in the debate over measuring obesity concerns the use of BMI to define overweight and obesity across populations. There are a number of recent studies showing that the relationship between BMI and BF% differs among ethnic groups; for example, studies with Chinese,^[@ref23]^ Indian,^[@ref24]^ North American,^[@ref24]^ Japanese,^[@ref26]^ Thai,^[@ref24]^ British,^[@ref24]^ Indonesian,^[@ref24]^ Polish,^[@ref24]^ Spanish,^[@ref27]^ Tongan,^[@ref28]^ Australian,^[@ref29]^ Nigerian^[@ref25]^ and Jamaican^[@ref25]^ populations have demonstrated that a single BMI value represents different values of fat percentage due to the influences of the population's ethnic and environmental characteristics.^[@ref11]^ In addition, the combination of these cut-offs associated with disease may vary between populations.^[@ref29]^

BMI is a measure of body weight based on a person's weight and height.^[@ref1]^ Though it does not actually measure the percentage of body fat, it is used to estimate a person's healthy body weight, assuming an average body composition.^[@ref11]^ The suggested cut-off point for obesity (BMI≥30 kg/m^2^) is based on observational studies in Europe and the USA that assessed the relationship of morbidity and mortality with BMI.^[@ref1]^ However, a universal BMI cut-off point for obesity is not appropriate as a criterion for diagnosing obesity and can result in lower sensitivity in the diagnosis of disease and associated co-morbidities.^[@ref30]^ This has immense public health implications regarding the definitions of BMI cut-off points for obesity, which need to be population-specific.^[@ref31]^

Regarding Asian populations, much debate has surrounded the appropriateness of using cut-off points from Western contries.^[@ref33]^ The International Obesity Task Force has proposed lower cut-off points for obesity (BMI≥25 kg/m^2^) in Asian and Pacific Island populations to promote healthy lifestyles and weight control.^[@ref34]^ The body composition profile in Asian populations differs from that of Caucasian populations, and these variations have already been associated with body fat percentages below that found at the cutoff point of 25 kg/m^2^, *i.e.,* the overweight threshold defined in the current WHO classification.^[@ref33]^ Previous studies^[@ref26]^,^[@ref27]^ investigated optimal cut-off points in different Western populations. In Spanish,^[@ref27]^ for instance, the optimal cut-off values for predicting BF% were found to be 27.5 kg/m^2^ for men and 27.4 kg/m^2^ for women. Those values were associated, respectively, with \>25% and \>35% body fat. The BMI cut-off for predicting BF% in American Caucasian and European Caucasian populations^[@ref26]^ was 30 kg/m^2^ in both genders and was 28.2 kg/m^2^ for Australian Caucasian men.^[@ref29]^ The present study demonstrated similar cut-off values for men, at 29.9 kg/m^2^, and lower cut-off values for women, at 24.9 kg/m^2^; these values corresponded to 25% and 35% BF%, respectively. The differences found in the body fat/BMI relationship in different ethnic groups could be due to differences in energy balance as well as to differences in body build.^[@ref13]^ Differences in relative leg length could be partly responsible for the differences in BMI and, consequently, in the differences in the relationship between BF% and BMI;^[@ref35]^ race/ethnic-specific BMI cut-off values would more accurately identify obesity.^[@ref37]^

Conclusions {#sec5-1}
===========

In the present study, the optimal BMI cut-off values corresponding to obesity, as defined by BF%, showed important differences with respect to gender and age. Therefore, BMI is an inaccurate measure of body fat percentage for an individual. However, BMI corresponds fairly well to overall body fat percentage within gender-age groups and distinguishes between categories of body fat percentage. Future research should address the limitations of the present study by employing a sample from different regions of the country and by investigating the associations between these optimal cut-off values and cardiovascular risk factors. Besides, the present study did not consider the result the degree of concordance between two tests in the absence of a real gold standard.

In conclusion, considering obesity is defined as an excess of body fat and not as an excess of weight, the BMI cut-off value for obesity in men is 29.9 kg/m^2^, similar to other Western populations. However, in women, this value is 24.9 kg/m^2^ instead of 30 kg/m^2^, indicating that specific anthropometric standards according to gender may prevail in this population.
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###### 

Descriptive characteristics of participants.\*

  Variables      Men (n=413)   Women (n=443)
  -------------- ------------- ---------------
  Age, year      32.8±13.1     35.7±14.4
  Height, cm     175.0±7.2     162.7±6.8
  Weight, kg     78.8±15.1     63.7±11.1
  BMI, kg/m^2^   26.2±4.7      23.5±3.7
  BF%            18.9±6.7      28.1±8.1

BMI, body mass index; BF%, body fat percentage. \*Values are mean ± standard deviation (SD).

###### 

The estimated age- and sex-specific percentile values of 50%, 75% and 85% of body mass index that correspond to the different fat percentage categories

  Percentile    Men    Women          
  ------------- ------ ------- ------ ------
  30-39 years                          
       50%      25     12.3    22     23
       75%      27     18.6    23.6   26.4
       85%      29.5   22.5    24.5   29.8
  49 years                             
       50%      25.5   18      23.3   27.3
       75%      28.5   21      25.3   31.4
       85%      29     23.6    27.4   34
  59 years                             
       50%      26     21      24     35.4
       75%      28     24      27.3   41.2
       85%      30.2   24.9    28.8   42.7

BMI, body mass index and BF%, body fat percentage.

###### 

The optimal cut-off values, sensitivities and specificities for body mass index predictive of obesity as defined by BF% in men and women according to age group.

  Age (year)   Men (n=145, 138 and 130, respectively)   Women (n=120, 110 and 99, respectively)                         
  ------------ ---------------------------------------- ----------------------------------------- ------ ------ ------- ------
  30-39        27.9                                     60.0                                      97.5   25.4   93.3    60.8
  40-49        30.0                                     80.0                                      91.5   24.7   100.0   76.9
  50-58        27.7                                     75.6                                      77.5   26.4   53.0    96.5

Sensitivities and specificities are expressed in %, and cut-off values are expressed in kg/m^2^.
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